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This report summarizes experiments in which 4.3 pm emission is produced when

CO
2 

is irradiated with 2.7 pm radiation . Measurements of the attenuation of
this signal by various CO

2 
filled absorp tion cells are discussed . Absolute

in tensity measurements are also discussed . The evidence seems to suggest a,, 
-

large component of the 4.3 pm radiation is due to the bands 021—020 and ‘

101— 100. Comple te characterization of the composition of the 4.3 pm emission

will requirc detailed radiative transport calculations.
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SUMMARY ~~~~~~~~~~~~~~~ -•- 
~~~~ 

/

The High Altitude Effects Simulation (HAES) Program sp noored by the

Defense Nuclear Agency since the early 1970 time period, comprises several

groupings of separate, but interrelated technical activities , e.g., ICECAP

(Infrared Chemistry Experiments - Coordinated Auroral Program) . Each - f  the

latter have the common objective of providing information ascertained ao

essential for the development and validati~n jf predictive computer codes

designed for use with high priority DOD radar, communications, and optical

defensive systems .

Since the inception of the HAES Program, significant achievements and

results have been described in reports published by DNA , participating service

laboratories, and supportive organizations . In order to provide greater visi-

bility for such information and enhance its timely applications, .Ti 1’nificant

reports published since early calendar l971~ shall be identified with on

assigned NAES serial number and the appropriate activity acronym ~~~~~~~~~~~~ ICEcAP)

as part of the report title. A complete and current bibliography f all HAES

reports issued prior to and subsequent to HAES Report N~ . 1, dated 5 F’- -b ruory

],97l~ entitled , “Rocket Launch -of’ an SWTh Spectrometer int an Aur ro (ICECAP

(~ ) , “ AFCRL Environment~al, Research Paper No. 
1400 , is maintained nod :IvoiLbte

~n request from DASIAC, DoD Nuclear Information and Ana Lysis CI r o t r , ~ lL Stot~:

Stre t, Santa Barbara, California 95102 , Telephone (~~ 5) ~~5-U55 i.

2h1, report, which is the f inal  report un(ior DNA C,ntract DNAOOI-1tL--C -0017

is the 60th report in the HAES series, and cov cr o  thn technical ncLiviti t~
performed during the period 1, Aug . 1976 thr ough 51 December ~~~~ The purp~~a

f th~ w 2rk described herein was to inve~ti~ate the fluorescence of G0 at i.5

microns when irradiated with radiati:n near ~/ . 7  micr os, and to determine the

intensity and c mp -sitim of the resulting fluorescent radiation and the

mechanisms responsible for producing the observed spectra l characteristics 21’

this radiation.
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The author would like to thank Dr. J. B. Kumer for advice and discussions

which have been crucial in leading to a successful observation ~f ‘~ .5 pm

emission and which have led ts an understanding of the problems involved in

fully understanding the experimental results. Calculations of~~~ Band Tr ansmissi~ n

and Equivalent widths were carried out using computer programs developed by

Dr. Kumer . Discussions with Dr. A. Roche have been useful in carrying :ut the

• calibration measurements.
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I. INTRODUCTION

This report describes experimental measurements of fluo rescencs- - 1’ CO~
at 14.3 pm when irradiated with radiation at 2.7 pm. The discussion 1 this

section can be tn Tre clearly followed by reference to the partial energy Loyal

diagram in figure 1.

CO2 has two comb inat ion band s of moderate inten sity which occur near

2.7 pm. These are the 02°1 - 000 band which is centered at 2.77 pm and the

101-000 band centered ‘tt 2- .d~ pm. ExcitatLn of n -thcules in these bands

produces excited molecules which are able to radiative ly decay via severa l

routes.

For the isolated m :LecuLeo , that is completely in th~ aboone a of c~dL i-

sions, the predominant radiative decay mechanism in the emissi ri of rad iati~ n

centered near 14.~ pm which corres~- nds to transitions in which is decreased

by unity. A simple calculati~n (see James and Kumer (1) ) indicates that the

transition 02°l ~ 02°0 and 101 ~ 100 which result in fluorescence at ~ .3 pm

oh -uld occur wi th  a 95~ probabil i ty.  The r e - e m i s c i -n  of 2.77 and 2 .e

bands occurs with approximately a 5~ probability.

Additi~ nal p :ssib ili t ie ,:; 1’ r rod ia t iv  d o s y  inc lude t h -  band: ~ °1-01 1

and 101-01 1 at L0. 2 i urn and ~.l pm respective Ly, tb bonus Q 
0~ 

~ 0 0  ‘ r u

101 ~ OD at 1 .25 pm and LU.9 pm r :p - ctiv ly, ‘- r id tb b ind : 0 °1-1 °0 and

101 l 2 0  at l:o.r pm rid 
~~~~ 

pm r T- ;pt -o t iv t y .  A L L  C th . s~ ba n d :  t -oth ~ r

aco -un t C r  L~ :u-, than r i ’  p r-e n t 1’ t h  t,O ’ ’ I~~ r’, i i ot i v it cay and may 0.  di:-

r ’ri’i rd ’d in a’ l c U I o t i n 1’ tn~~~ ff’ic 0 - n ay f’ 2- .7  on r i i i t ~ m in pr Tducing 0 .‘2 pin

r oa i at 1 n .

In rd’ r t - b: rv thi: f1u :- ;~~~ ‘ a ‘ Lo t b  ItO t i t  o ’y it is nec scary

to a -ndu a t  nneasur m~ nt .  at :un ’f ’ ici  ~~
‘ :y L i pf , . 5  jj’ .: that quenchin ~ and

energy t ransfer  pr co-::e: 1 n ~t i’ au ’  Oh ’ p pu~~~t i  n f’ tb L v~~Ls 121

02
0
1 at a rita which is so X”~~~J i  ‘ i t n n p L ’ t ’ I y  ~U 1Ic :. tb  0 . ~ pa. —

In ‘i Lab or at ry a ‘ :ur -a ’ r iO 1’ f L u  n ” :c’ n i a e  at 14. ‘~ pm produced by 
~~~~~~
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- xC j t t t ij n , there are ,:~ v - r ~il p ti o s ibte o rans it i  -r io which  can a i itr ibut ~ to

f l u  r -ocence at 14 .5 pm. These possib i l i t i e s  are summarized here .

At low pressur :: where r a d ia t i o n  is rapid a mpared ;ith en ri~y t ror i s f  r and

quenching co lL is ions , the main c :rr ip -n ont  of 14.5 pm r ad ia t isn  wil l  be due to

the bands

300 -

/ -~~~~~~~ + ov( ~- . o p m )  ( 1)
(c-2~~L) o~°O

At m -derut e  pressures i pure CO inc  expects that the main mechanics f r

pr -du ct ion 1’ radiation would be due t~ the f O i l - e m s ecu enc o  f events :

(aol) cc (0 - a)
+ cc (000) 1~ 

- 

+- ‘L  (001)
co , (lot) - 

~ c-a ( coo)

F~~L ! s d  by

cc (ool) -
~ oo (ooo) + h v (L i .~~) ( o h)

VhathOr -r f l it  em i s s i ir 3  (1) r 2 (b) is pr :u mino- ’~r L  d Ip nd: n the

p S i  ui’- : u:’-d nn d -n t b :  rate a - r i s t i n t  k C r the enei’sy t ran : f a’ 2(a).

i:her i t h is  s rk en - r i s i n a l ! y  pr p - s d we s i’s r a t t  ow ’ - ii a l a i n -  1

l - , L u t r’ a ’ t i :~-u L t ’ t i t m i - a t be ’ : r r ipid r p : :i l : iy e v ’ - r 1 r r- - r p L o

h on  the  tr an s f r r I - a c t - i  n

30 (002) + i ~~ (v = ,:) -70 (003) + N ( v = ~~) (
~~ )

T~i ’ -  ra t c n e t - ni f r  t h i s  r - ‘eLi is 5 .2 :‘: L0~~~ A t i ’ - - n i s f ’ - o ’ S t  t h i s  s p i t

1’ r the  a - r i ” - p r i L n : - r ” c t i  0 0 (n ) U H i’~~~~~ 1 : a i a’ - n ’ - • - s i -  - 0 t h e

n’ - n s -  f’ L 5 m i - a t ’ no  Hi a u i d  pr’ u t m 1- u le:: 0. ‘ a - 001 c i  ‘ l i i ’

a i’ - t n - ,n f ly  t in ’ -: n. f t  i,: t O ’  i’ - n  00 iv ’ ii c ; , ’ i n  I t t . ( i )  . The

p -~~sib i1L y s, ’: tb i’ C i’ r” is 0 tr i a l, a s t  f - - : y  • .~~~ inn r - 1 u i J  i n t i ’  - u ’  - I

o u i  La Cr a s s:  I r e -  ra d ia t i  n OQl~~~OOO t ’’ t i j ’ t O t O ,  r u  ‘ - ‘ n - c -

7 
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t~ 101 -. 100 and 0 2 1  020 .

a , r : . i - i t : ~”0 i - n ’ ;u ~’ ’ -  j t :d t O~~t r e n t c t i ~~n: 2(a) ‘~- ,uLci require

i-, rk i  n -  at : ‘s p r - ’o:ur • ‘ s-il h a a :‘r-:.o p -rd in ~ decr ’ ‘~~ , ir. o - j ’: t ”-~~ I ,na:r .ol  at

- ‘ . 5  N-; h ie f l  i n ’ L im i t - O n L y t r~ ‘ in  si ’~ -f 2.( urn r ’ auia ti r~ ‘1b : t’bed.

In a :-urf;:o ’y L y U i a k - i ’ :  ,~~
( 2 )  

-~~
‘ ra te  a n e t - t n t : .: f~ i’ 00, , tU- rot- s  c n:t’- nio

n o n  f -i ’ i’~~~ ”t ~~ n :  0 ( n )  - - - ‘ - s r, - - -~i’Ly an stI r f m- n L ’ n n i t u d - ars ’-r t han  the

c s’i’~~sp n ( i i r ~ ’ r- - 1e0i  a 5 2’ i i .  J O - . I U ) t  ‘ - t r ot ’  o’ : - l i :i ’f i t  ,-,as - Ppr o i a t 1 ,3’

x 10 ~~~~ . This a uO - n :~~~o- - ‘ ~ h ’0 pn’~ c ’-~
- . - a a n • -i’eat ly ir ~t~ - r f ’0o”-

w i t h  i so’ nnn ’~o3ur i -m n i t : .

- Or i ’ i r :t Ly  we ~~-p - ~~ t~~~ i i i ’s. a -  J O  ‘ i: ’ s i : r i  0 ~ a:.

b - •ndo 121—. Li_-C and 02 1 — 02-0 ‘- u ni b ’-  ‘~~s r o a n -  i - r n  001 -+ CoO l v  ins - r I m - ’

‘~ cc ni H_ I be tN ,’o ’iii  t I i ~ f u n ’ os n. ’ ’ a L l  ‘ n I l  U t -  it a t - ’ O O’ . Tr :is • a u n u  ‘30: :0

‘ t r y  s’- . ~r ia e ~ r ’ Li ’i i t i n ; ’. n t ’ n - n I ’  i ’ - f’ - :‘ - ‘ - n:c i n d : :  a .  ai j,2 I -

- i i , iu : ed fu i ’t ’ i - r  in L i :  n’ ~~~~~~
- ‘ ‘ i :  i t;, :, I -  s sLas~~ -

~~: s o  a-~u Lb  ~~ h t .

‘ur i n i O i a l  ‘ n t t -~~~n t , :  at  l i l a  t n t ’  n ’- ‘ - ‘ - I  I. 

0 -  n ;to ‘ - t t r i tu ’ - t h i s  f i b : n o ! :  ,~ ‘ n , ’ a f ’: , i : :  at. - ’ ’ i - n i . us’s: ,

‘s I L O  -~~- t i  s - - sI’ : ‘--;O i ’ t , .- - ‘ t~ V ’ ’  I s - i n , ’ 1 ’ , ‘ I . ’sn -: ,; C

- u - - S , t n - s  s - ’ - ’ n ’ L i e i ’ n ’ ; ’ . ~~- n , ’n ’ . so I n :1 ’;- - “ n - s o - n  - nt ,

nt : - -a - : ssat~hte  s i~- ’n : ’ I .

- i  in o i L - : : , ,, - ,- ;- r ’ - O H _ n ., ’ - n i t ’ ’ ’ ,. ‘ v ‘ - L r , i ,~ n u L L - : .
( ,~)

r C 1 j’i j  n I  x t

W’ U:- t --s:i’ ~ ’ :p- ni? is i, / s iL l  a - I  i n ’ :  i t :  ‘ tS - t ; n ( i  c-2 1 -  - - -u . n : 1~~. - -

‘
~~i r, a ~-U • I : : - : - ‘ i t ’ t t i  n ‘i t  - .7 i n - ., ii ’ ~ - n’ ’, - ‘ 1 . .  io i .  ~f ‘ . 5  iii: ,

t’ ’ : u i ’ i t l  a .  Fr rn n n - r , -u ,’’ - -nn, - n . ’ 1’ ‘ I t ’  l ’’ n i , ’ ’ 2’ n - so;, C ‘ r 1 ~ : io,’ L  ‘ n~ ’ , i i  i t - - i

n ’- ‘ - a: I ‘ n  t t ’ i ’ ” - - Si I : .  — (~~ ) - o f’ - .5 i Is 
— L 

Cu e tn a so’’ -- n ’  L u ’  1’
h i ~ - i -  “ r, :’’r, ’ - us - - 2: ‘ ha t  v -  i’y L i t t l e  f u s  - - ‘‘ ace :a u l i  1- - 1 : - n v - - n

i n  an ’ ~ “L~ a ’ s : ! r, ’~ - ‘0 a p 1 - - u n’ - V IC- _I tin: IL’ = 5., ‘_ ;‘: 1:2 ’’ - ’ : :  n i t .7 a K. 
-

Li’ l ” i ’ - t 2 a ,t ’ L0l ’ :;n OH_ L ’ - v ’ - I s -s u l - I  (S ’ur at ’i l ” n ’  f’~~ ‘~~ : ‘:
-I-

- ‘ r ’ 4 - r  w : t o  i :“ I L - ’0 in • ’~ r a t ’ - f ’ - ‘ tu : r n . ~ 1’ t Ot ‘ .5  urn r’~u i ’ ’~ I a

I’ , ‘ - t ’v ’ - - I i- - l  l i t ’;- ‘ , :‘ rn ’  f ’ ’  a i~} t ’  - 2-0 1 — - I’ :: n nLnc ’  - 1 u I .

8
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This rate is in f- set so rapid that at pr -::ux’- a: 30 i_ Ia , r of I, T n ’:’

we 155 ,7 l it expect a l O i s  nuiiTher of ~ v 7 = 1 bnind: Ow I ~ :‘- t o i ’i  -~- :nu i  1iL:”~t i  !‘

C v~ bc-i ’s’:-’sn v’sr i us v 1v2 leve ls - n d  is-st -pic OCt ii -l ec ul e s  ehich

:- i sn Lfi c a n t ly papuLi t~-d .

In t his rep or t we descr ibe  a t tempt :  a i t i c r i  h ov e  L a n a  mod ’. - t dat-

c1t ’:I” :(: ,’at’ise ernt i  .:-si ofi at ~ .5 on : by means of a C0 filt -r o~~d Ly ‘;i~;’y i a ’  ni - h ’

line ’,- ;ict i h  in emiat in ~ — and ‘-b-s -s’bins ~a : c -- s .  Our re , :u ~~~ ‘sr-s fi 7 a - n s i dn  t’~

t~ be def in i t ive  at the present t ime .

The bands hanave  wi th  r -::ip :ct t o  se l f -abs  -r e a l  ti n :: tb~ u,2 n i  two; t 1 r~~~ 51

i’r’ :ni tOt:: 101-c- -c e and 021- - I - -2 t r ’on i s i t i  - - I i : . This in: in direct c -n i _ r a d i o ’. I a t o

va - i, a-s o-xp ’:cn f r~ rn the Laser  s-tud i - which  y i - n i  d k~ 1.5 :-: Lu ~~~. II’ us

- a t e  a t -Isa to- these  f !u : i ’  s c - n t  I - a i d . ’ t hen tn- p c: :t a o t - 1i:: a

o n : ’ : ’ i l u’  L a — f tO . 0 0 1— 7 2 -2  i’s:: rn ’ n n : c ’ -  b’ t a - i .  l’h’: inadt ~~~t L , ,  C:- : :  ox’

- :- , u - : i ’ iments ’ ro oh an .  t h is  is n - t  the case eitn e r .

tJf  r e - n  5 0  n i S )  :1 uitfi’O’iio ’:c ra ’ - ntn ’ o u s ’-:- :r c - n n s -  ~ f’ thn  a L - z u ’ - in ’ ’ a : i ’ ,’ 30

‘0- - 
~.5 pm esniasi rn. Th in:  i’ s uit :  iridic’nte  t O t  the n I  r ’ ’ - - C -s -o , i : .  -

30 2 - - v e t o  emit  t i O t ’ at -- .5  pm is ouch s r i ’  11cr than ‘So a ulci exns : ‘ C

I u r ’-at’-c e r , -se b r o s  if the n -c u l t ,  30’ F’in .o i non 0 i’ ‘ n t ” - : ;’ :” -l’ n it  ‘ O’: ’, O ( I
_ r -

I. V sac rd- t’ if l.h
i x 0_ n ‘

. If’ I t  is . ‘ In ’S ‘5 ’-  ‘1’ - - a t . at ’ - 2

t - n ’ : , Ln is  to r , , - r a n _ ’e- I -nato  001— _ JO ‘ r,d : no 5 1 4 0 5  I I  U : .  ‘ a l  i : :  3 1:

L and, : , t b , , n  5 :5 ‘1- . ,u ’ e in ’ cr :i” p tri - ’ n uo ’ - rL - :, v i -  10 n -  a t - t i n  r at  - n . i n s

n a t - b j u n  1 i 2 ’ n ’ i - v’ - - t y  in :  n~~: -  :r -r : 1 :30t h - s i l l : ’ r ’ S  e a t .  S t a n , f r ’  ‘ ) .  In .

t i ,i :  a- n sa , ni a , a :  fail t) s- e a m y  1 1 4 - n ’ - is n . .  - ppr .a t ’ i ’~ i L ’ -  5- 5’ 30 ’ I a

in . or

s iL l r ’ - n a n n ’n t o  a 1-n eC n t i s : u :, :i a -f t h i n :  p I n t l  of ’ s - s  n o ’ - at

‘ f ’  u~ s’ - o L ’  :.

9



II. CA LCULATION OF L IREW IDTHS, CROSS SECTIONS , AND TI-I BAND 0I120 11p1 J :.1

FUN CTIONS ‘0 AND T

Il— i D ef in i tL~-.ri,: rin d F

In t int :  . :ct i :35 : s-; e , :U 11n:a I’i , n ’ - O n  cuIst  i :0.: aIi-: L - a r e U: -  - inn to- - ‘ii:—

-c-s i a I s a ’ s ’:: us tO ts  rep - I t .  For ‘ n i c i i t i - : a t s  i- Is-il: ‘ n O d e:-:’ ,n:p i’~- , the

f’ ”n t S f  is r-30i_ - rree us Kum- r ~- ‘nd

LO~ in t t - ’n ’,t ed ‘ ,bs rpti n i fr a o i n 1~~ ’~ Lin , -: 1’ i:1tcn ’1.~i .3  S It: C n n

SCS i, ‘b y

= ~(l -

12 is i i i ’ : c-:uivalent w idth .  The snu’ n n t i t y  k ( v )  i.: the ‘ tb sp’ i a a - e f f i c i en t

a nd i tInt : path I ’~nsta .

TO ’: ~ ‘s-,l li s t s  ::t r ’:nsth 3 in’ r- 1-atod t - k ( v ) i  by S = k( ’s) i  J’, - ’,-;h ’o r - 5 1~

ia tesrnn t i -a I :  0 n 1 ’  i, - :n Ut-  ‘n ! ’  t i l t -: - r,t li - - - Line pr -file .

F r  5 -m n  s op  : - : It 2: e n ’a-’~~n i - - n t  to m i _ n ’ -;0_- : - a a’iQ tOl f’urn~~t i  U

l r n : 5 - - ’nnl  o l’ 101 - ‘ f ’ S LI,. ’ OVel’ 1 2’  :u- r - : 3 .  i r , I .~- :r ot e S  - ; ‘  :‘ at ni inr ~~n,: i O n - n :, :’

‘i’ s’ i-I  Ic a n.’hi’:h i ,  1 f in s -t I -

v- i -  -
-to-

5 1=  — ‘
‘ V

J)

. 1 , ’ i ’ ’  V r - o :’i :, :’n t -3 t h e  n i l _ n  C a D - - p p ’ - ’ ’ I t h n i p r O 3 0 n ’  n t  a p i t t sc’ :” i _ h

i n , t o :i ty i. d vn by ’ f ’. . t  
~
‘ j ’ n /  f~’ e  U:- i n . t o r ,~~i t ~;,’ at H _ t o  - t - : , ’ a .  1r1

101: c’n : t.ht w i d t h  f u r -e l I n ~~
,; I- p I n t  I i  l i i ’  i Is -of i_n a Cr  i’s , :ec ti  ii

- L in e  n : 1  - n n n n n l  t On r un:. l - dcn ’- i ’ p (‘ - 1: ~~~~~ at : -  c u !  :: - n a  1.: —tn’ r i-v

It - C ( x ) ~
I — e

17 - 
-

“-V

s O n ’  = 
L” 

‘ a d  (i( :’ : ) r’ ~ m - - - 1~~ : 
n h . -  - i n ’~~ f t 1 -  L u : ’ - . ‘h’:- - 5 ,  i- n , . .

wi  1’ 14 F a I J~i-1”r sO p’ ’i ‘: : n: i : S l o t  -1 th ‘ “
~~~ 

ly,
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0

, k T t n . 2

rn a

F a t ’  ‘. l i  D-: pp l” r  Shaped l i s a-i ’, i o n  ha~ l’ -vidth -n ’ n b-s s In o ’.-;n t o  b:

~ , - 7 , 1 -lv ( e t r :  )

Oh ’: -13:’ -s i’ -, - ic t i  :-n ant line c - - a t - -i ’ is si’; :n b y :

= 1o 
y~ ( ar ~ )

The t r - nsmi : ,: i -ri funct  t I n  I’ - t ’ a , i u ~~~- -  line u- t :rn n ines tO’, - ‘- n i l .  Ull’, -f

r :n~~i’n t i  : r ~ II: a single Li n t :  that can be t-:’-o~~m i tt -  an i_ itt ’ UJh a s’: s,p i _ n  f n’ wh i c h

I n -: - p l i a n t  t t i i ’n k n - - :s at L ion ’ c - ,nt ’:r is N~~~. Thi.: is g iver ,  by

1 N~ Q(x)
= Q (x ) e  °

~~ 1T

In tb - ca se I’ a r t s t I  n — ~~itn:” I i  In toad  O i ’ i” n C t -  r i - s -n d by or i’ — nnso :L -

C r Ut ,  rJ Lr ’ band , the a -n ’s - p ndir : n~ ci’ :5:  n -e li  n f :-r ’a s tn : ’L ’ :  S ~~‘ n ’Is n:  -

u r n- - I:

J
a = a S ‘~-

J ,J u J

tb ’ r ‘ ,~~j  n - n I l i i - -  :t r ’. - t : ’lti s ri- i i.; ‘in-en i~~i~ — ‘
~~

- 

1’ r R F -r an ch l int ’,-:

‘., I 
+ ~

= J~
’ + 1 f i P i t - t a m  I i n -  S-tj + _ l

11
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The value 30 L~ f-r a sirnille r -t n i t i -n ani  H_rn i.; n” L o t - - I  t :  to-:- a” : L u’o C r

entire r:tnitixn-vibration band by

~~~~~~~~~~~~ ~~o~band~ ~~~~ ~~~~~ ~~

where represent: the f ract i  :-n - f nit - - ncculc- s in tOe l-, -veI J Th.0 ‘ - . i ’n t t ,

f u n c t i : r:  f i r  an entire r :t n it i . rn  tj ibrat icn band is 1 i’;eo a:

W (r ~~~) = 
~~ W ( N ~~~a

~~~~~~ 
J ,J

-t Similarly, the transmission function. : f :-r an en t i re  r . t at i  ,-r - -v it r at i  In bond

is ~ivcn by

T (r ~ ) = ~~ F T(N 
~~~a T~~j fr~j .~ J J

k
Tb’s c’ n L ’nu l , a t i  :rat- ’.-.’hiah  ‘ -;- ‘ :- n ave , : ,jnatnn : ,1~i::e:’t h-sa c a rt  a ’ ,i’n ’in-d : n ,nn ,  C n ’ 11’ P 1- - ’
Ohnrp .:d L i nes and H_ s a f’ s’ l ir na- s h av int ~ n V o i h 3 t  pi’ - f i l e - . In tb”- a ‘n ,, - of a

n’ : iot  profit- - In0 i’u t , a t i  at, 3~(n’:) ‘~ppr pri n t-- t~: a V-o i~~t pr f l i t  ::u. t n-

T in - se so a u - a n t i  a s  w I n i  ‘i i ff ’ - - r  d- p ’ n d i n ’ na ‘ h -  ‘,‘a u - -  - f a tratin. ’ 0-sa ’ an

,:I - ,- - - : t at ~~
“ U i  of ’ i-i’ - p t - a t  nw’ , br ‘ m i -n n-Is - n H_ I it  ~~~, I~ ~ Ia- - — f  ~

- - - D Pp -

3v , . 1 0 - -  p:”-: nu n’ -~ Is ’  ‘ - n  - - ‘I ha I f ’  ii i H _ t ,  L: n i m p  n j  - i v a n :  b y

:~~

‘-ni t -n ’ - - y i, :~~~~- w l n ’ t n ’S - : t nn nrt - t-’ I -: pn ’ :’ut ” ‘ n o d  P i: t n n - t n n ’ n : : ’us ” .

a t’O: : a- m i t , we to ‘ - ‘ n i - U  t o ’ !urv ~1 i , a t ‘- i t t  1n ’ i t , a I_ i t -  .n j n ’ , - n s t n i  h n t v -  t in - -

, - - - n at  n ’ t t ’ I ’ , - ‘n i ’ s n- - a: tb  a i d t h  lu s h a I~(”~~) ‘ t i n t  f t - .  TOni is

o(o ) ;‘~‘(~b)

i _ tn  n’ - - n  - - n ’ - s -  I s - ’’ cu - n ’ in n , ’ 1~~ vs l u - , s’ n H _ i ’ - - 1 1’ v’ i~~L ‘5: : p t - -s-un ’’

12
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-
~~~~~

and path Le~
-a’th.: described in this rep 0rt.

D : p p l :i ’  Line ‘slOth

- -F -l
F:r ~~ ~irn Bond : = ~~‘ ‘  

‘ - - Cn n.

021- .- , ’) Band = 1~~~5 n- n Is en :

:01-200 1 ,153 y = 
~~~

. ‘~~ tn Is

L, i_ t n - t a , ,: of tnw’ - 33 tao On ’- : :n ” Lx ’ ad -r , ’0d H_ O ath t n t  , : ,

i_t i- -s . n ’- - a ’ 1 ‘3’ rn’

- ‘ I .— -- -1
‘inn.

La the C’ S: .1’ as0 i :’,,ir s- di’ ads-m ini ‘by N’: w i t h  nfl a.::urs,ed averann’ -o ha _ f ’ — -.- : id th

30 . cm /AT n nn , s he I is n -~ ;id th au~ I p:’~~o :un’ - I: , aJ-o-ri irat  is

= = n-n 10 ~~~~~~ 
1/Tsa r s’ .)

In t in- s on i o ns 30 pare CO. oat a pr n:_ ,nun ’e 30 a C-:- ’-; T- s’i’ , at n n : P pn :-:-r line ’.~icl ’.a 1:

‘ n: -n ’s- _ i ’  of n n , :, ’Ii it Oj n ,, ,~rc- n~ter th an,  t in - n  Lsr er ,t : ’ p1” s_ un ’-.: Lr.’~ i at ’, d In’ - n S i d t n.

s - t i-co t, the  linne :: ’ re nearly Doppler ~ t 1

Al appr :xim ’nte iy  dl) T:--rr of Ne , the tim: ’:: in h ’ n n / n : an n’ -
~~ . ,.n ’ . 14” . - - a

V . i ii pr.-I ’ine with a valu e - C a = 
~ L’- ” D i.5. - H _ - s  - n t :  n - - n ’ . ~ no: w i l t

h ’nve a a n u n  of 
~ L/~

V
D 

1.

In coons : where a :  hsiv~- c- an I culoted  1-a ri d f’u n : i _  i n ’ . 3- - n- ’ T . ‘h ’  en~ ‘u ~‘5 1 a,:

h i ve been car r ied  ut t J = 100 .

Is~ ad- i  l i _ i  n ,  t o  i_h :- Bond , :  f’ :-x’ a }ni e h ’ ,,’E’ li:t lb “‘ n _ u ’  : 
-, 

a- n : ’ .’ 0 15 :

- u t  c a L e u ~ ’ !i  - rn: f -r ’ a outsi t’:’ -of i : . t  3 1- n t ad , . P h -  c s’s ’ :p : n i i ni ,~ 3~ v’ n i u- - ‘

o r ’: L t ’ n t n , ’ - ~ i b y m u l l i t i l y ir :: ; ‘ol i n-  n i -  v ’  It- v’/L’sn-: 1 ’
- 30- i,- ’ ’  e t a  ‘ n u t , : - n o ’

r o ll :. F r  tn: - i .  t . p l c  i _ I ’ , us ~~, ‘ n. h ‘ 
‘ U t - - h u n .  : 5 - a n , ax” ~, n . n  S

- -‘ 
- - - ‘  - - 1’ , - 30 n ,L ‘ -

- ‘ :n I’) , ‘ m n , o  ~~.
‘ n’: to . i a  a n ’ ’ t i _ n - Sn: n ,, :3 -J

1.3

.

~ 

~~~~~~~. --



II— - i lunn n ’  r i co  L i_In h n n , i  tuds -

At  n:t te nni p erata u r~ .1’ :)u ’C the nuin ;L-er denn: ity  at a p uI’ — ~ f i H_ cr  i .n

s:Lv - -n ny

- !
‘-~~~~~~( ‘1 ’ 1

= (a .c - -j x —~“~

t \ - ‘)Oj O.- J
= 5 . 0  x 1O~

6
/cm°

C-rnurhb ’ -r: I’ r b’ tnd s  C in’ n t ’. r an ’  t ‘nc::
-0-

101-000 f = 1.97 in 10 -

~~ ~-c-oo f = 1.57 n-n iO~~
0(21-000 f l .t e  a 10

F r  tb- s b’~~m l , : in ,v -lt’:,’ir nit
5 

= I., t he f number is tokut i  t be ~~ 1~ ’ :‘n i_u ”.

Tb’: P ~U I ot l  on F the 1-nv al . s 0)0 tn r , d  LI- C which t~r:- t n t -  :31 ‘un -s :t~~t~ f t an

O~ ‘a d  L -.,- ! ~~tO0 f lu  r ’ s , mcn -rn ’ h a r d , - ; o r - : ’

N (Or 2O )  = N(000 ) n i. ; in to
_ F

N (.LOO) = N(000) x 1.5 x tO~~
N ( O i O )  = N( t :  - ) ii 7 , 7  in 10

Thin - n r ’ u  at: in th - I’ - IL l ‘sLn - va l ues f 
~~ 

f r Doppler :3hn ,pn d L L r i to nt a t  a

pr~~~:uce -af 1 f -ri’ and a p sith l ’ -n , - t h  , f cm .

Fa rad lb . (1 cn nn path , 1 T s’r px ”

0 .5 ,
101-CuD 7. ’)
00l-t~C-(, ( t 7  I
ot-1-J_ _ - -~ - H_ I - ,

101-tOO
o i l - ItO 51n .7 1



lIt .  Ca l .ib r ’at i ,a n - U  f l - i _ - c t  f

The InSb d, ’ t n a  r U: -  d in 10- n- :u:~, n :’~n , tn ~ u t  Co I i b r a t - s ;n  U , O l n n S  S b~ anc k h d y

: li_s c - d i :p l : - i-’t -:-d at:  (i i , : t’ n r ,a ’.’ - C 25 en: , I i ’  t i n th~- n i -  Ln,Ct -i’ . The :n n rn ’ - - .5 u rn.

f itt 0 i ’  at: us,::! in m :’na :uI’ n - n ’ :  tn ’n,: f’ i_ O n ~“:di ’~ti  :fl f r ee the 00: f:u :”- - - - - t e nice

, n h ~na l  is us-Is in tnn’ tk i r , - Lbnl :  n - - I  i br ’ t i .n .  Th is Li lIes is :0 atn  in CL’ . ( t ) .

G iven a bt ckb -dy ,n u rco ’,,-i tn  ‘ n p - s- tu rn ’ A
5 

‘~r:i Sn b I ’ n c k n i - uy 1” iUi ’ n t , -t- : C

I - i _ a l  ‘Ort ’Jntt F r n n d i ’ :t l  :n s t r i k ir o ’  a -l - - t ’:ct . r  f ‘Jr ;- ’n A
D 

at a d is torts ’. d

at-sty 15 Si t”:n by

V A A
S ier; , =~~~ —~” 

S D  
Sf d)~

~ d

In t O ts  ‘-: n-npr : : s i .n  is t l i n ~ r n - n n p nat iv i ty  of the detecL-r  in un i t, - ’- . f nnv - ”,sntt

‘it ’ d f~ i o n  f’ Uj~~i ti  - in de ,-ncrib i ri5 ’ Inc t r an smi s s ion  .i ’ ta-0 d:-t ,:ct r a in,o at ‘ i rnd ,/’ r

any fi LIar :  wh i c h  are pI :ncr’u in f: -nt or’ the U ’:tect , -r .

In an ’ n-t : p ’ :ri nnn::nU’ at” ’ us-. the f i t t e r  at  .5 pm ohs-wa in fi ur~, (2)  wh ich

hn , s  a b ’nrid’ ,-; ldth C 0 . ,  ‘ 1. pm ‘ n d  a peak tro mn s-n ;;i :si  a .-f appr :‘n im”,t e ny 7~ 5. Thc

r- p -n , :’:  f t b ’  d - :t ’ -of -r i. ::‘n ! ially c r , , n t ’ n n n S  ,. var  suds, a small  sp a-s I saL

s o s . Th-:r- :f r- a t - ’  b k ’ - f

(Q ..  7 1 p m) a (0. ~)

‘ nnn l ‘ , rn  n C or- -ivan tO’: v an tue n bc:y tna v~ at- 14, 5  pm.

T b - ’  , u ’ - ’ U- ap i” ‘ ui’ u s - -h  in 10,-se nen -: n n w ’ nn - -n , 5 , ’- a n, :  ll, I-B .~ K .  The - ur - t e

w an :  ‘ t a n  Ir i F ,” n~’- ’ -  I In-Iu: ’ -r’ I’:: can ibr’nt - -d F i n n a k i  :dy. Utn u - (~ : - ~~ ) . -H_5 wa t t:  :‘c nn . -

Th- - Bi n - sk i . dy hp - i ’ - - n ut ’ a-; :  a t -  ‘ -c t  ‘ - i  t 1 - -  O .  5 inche: in l i ’ i n n a - t ’ ’n’ w h i c h

ii’S’:: A = ~~ . I - ’ t n i _ C - ‘ em i_L i ’ d’:t’ -:et r O n , : ‘ - in  n e - - ’ - f ‘3 . 1-. in 10 ~ an ; . Th~t~ i t 0 ’

It; : :ut:~ s i n - i u - - i , ’ i t  l - - ~ f i t  I f s  nib v’ - - : - pi” :si -n y i n -a l :

15

- ‘  -~~~~~~~~ . ““ ‘ -‘-‘ .“ -“~~~~~~~ -- .~~~~~



— “‘ ‘ ‘ ‘ “ . “ “ ‘ n”n” ,
~

—
~- ’ ” ~~” ’ -’.-——-’- ” 

,,_,

~

,,.,,, ,,,,,, _, —_.-—,---‘_‘-- .“ “,.- _‘—‘-‘- ‘-‘

~

—‘--“- —‘- ““

~

“-“' “ “ ‘  “nt n . ’-~ 
- - ,

~
uI!IIII!I~

Signal (my ) = R(mv/watt) x (.~ b5)~~~~
i7 x oo~~) ( .~ .~~ lc-)~~ (. 71)(.7)

(i_5)’

= R (— ~~~~
-
‘

~ 
x (1H_5 a 10

_S 
watts)

C

It is necessary to make a correction to this figure due to the fact that in

a 25 cm path through the laboratory, the I .5 pm band of 00
2 
will absorb some

-of the radiat ion from the blackbody.

The Band strength of CO.. is 2706 cm
1
/Atm-STP. The mixing ratio -of CO� is

taken as ~ .F x 10~~ and the path length is 25 cm. Thus the total band strength

due to CO
2 
between the detector and the source is

Band Intensity = (2706~5.2 x l0~~) 
~~~~~ 

( 2 5)  = 19.9 cm~~

Por this value of’ the Band intensity some of the stronger lines are nearly

optically thick at line center, having tr~nsmission of the order of e
’
~~
8 

i.%.

Therefore a more accurate estimate of the amount of absorption is given by the
-1band equivalent width, which will be lesi3 than the value of 19.9 cm given

above.

The Band equivalent width has been calculated from the sum of equivalent

widths of individual  i i r~es ir. the band. For a single line the width V is

related to tne  ,‘tren~ th S~ by

SL
= ~oi~y f(x) where x =

The function, f ( x )  ho,: beer , ~‘30’~i _ n n t e d  by Kap lar ~ ar.d Eggers~~~ . Using their

table and c’arry iros out tn t’- s a lc u L at i  is , f  V f:r alt lines contributirds o irnaifi-

car,t ly t: the  bon d  str~ ma,’th ant nb t a i n

Vb anr ,d 15 cm 1

N :w s in c e  ~, ( uist = i 0 i ,~ Av(om~~~ the band equivalent wi d t h  in urn is :

1-I ~~~~ O . l- 7 um.
hari a

L 

16
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This result indicates that in the cal ibration , it is necessary to reduce the

value of the filter bandwidth of 0.271 by 0.027 pm which changes the value af

1.35 x l0~ watts reaching the detector to a value which is smaller by a

factor of (.271 .027)/(.27l). Therefore we finally obtain

S(mv) ~~(i.2l a lo
8
watts)

The average of several measurements of the signal was

Signal 2.6 millivolts

From these results we obtain the Responsivity f the detector as

= (2.6 mv)/(l.21 x watts)

2.1~ x lO8mv/watt

17



- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~ ~ huIj~~

r:. 13;lcunit i  in; - f the Expected Si0nn -H_s

In- - ‘1- - : :‘pi_i -n Fr :nni  a r iven  ben;m C lirbt  one: be c’ i_ a u  n ’  - -o L ’ o ’ t n ,

1-u . ‘-t nt 301- 5 : ,  il i_s C ~h’: I- ‘ in : ‘ ;rn d tic- w i d t h  f u n c ti o n  descr i l  ia ‘ t O-. 1,; rp 1-i  C

‘vi ’nt ir’: n t - ~ i _ i n - r i  v i b rat ion ,  band .

The w idt h fu nc ti ,n  for  a band is- tO’, ,:-u nn , of ’ nods- saul’s ’ n C :  n ,t  ‘-- O a t h .. -f ’

i n d i v i d u a l at-: . t’pti  n line:- n ’nd is l iven t-i_i

V , = i - c  ~~~~~~~ ‘ dv
b’ n SO , 

j
#
j

ll~~~~~

In tb-s c-co “ horn: all line.: -or : optic :- ] ty t h i n , t hiaO i _ t n .  h - n nrnu ’,-:idth i: - :u- n l  t o

tOo t . t rn l bond ,:ta’~-n~~tn .  In the 0 ’ .:: wOn-re c nuny -f ’ t ic  lir ,e .o ar ,. ~ - tu.” n n I -  n ,

then it is nnsc-:-ssary t~ c a r r y  ‘at a d,: toit ’:o o n  cu a t ti  ‘i. C’ : [‘—r im by - : .  Sn-

sid’.’rirn ; oh-: op t  ic - n li_s th in  en . . : - ’ , ‘end Isles wi l l  ‘:5 ’ 0(1 ‘
~~~

‘ r : u! t. - 0 -

‘ - -s -s urO f r ’  s ates in whic i ;  In:- n’ :1. 1 n - t I n - - i  - s ’ -, I - :n u t :n t i  n t :  or’ t” :iu ir; 0.

.ra: id ;-r the fl-i], -ci ’ r i - - t n ’  iso I Arr ’-n a . ’-, :nan- :x n t .

dV~”A dxI 1
‘~—x

2 (
- [ dx

C (~~ 
k ’ - x -

~~ i 
e

~ 
j ‘ 

\De tector
Source Ler~~

’ Fluoresce nc e Cell
-

:1’ - - i :  a l ’ l ’ ~~ kb - I  p~-~i i- -n e - i’ w .n i :/ cm — fr— ;t~n , it is a es n i ’ r ; t  t o  n- pt’ - :,
o -

~~ 
IT

‘ . i , n i i ,  ~~~~~~~~~ — ‘ n —- e n

18
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~

F a a O i ’ s - - t n  nan slid ‘ n r l ft e  - n - n ’n t o n i dn  - n  by th~ LenS as menn ,nU e ’n - :i  fr  11; tO’: S Ui’O ’: ,

-a — i v a n  ‘ ;r ni A 1 
-f tb :  t n :  L1 

and a given ar enn f the s.ur c-s A , tO-’ f t u : - n  in ,

::.tt . : / eO Ott ; 
- in th- - samp le cell -f c ro -an n  n te c t iOno  L ‘nr a-n -; A 1 

is given by

F Lu:-: U Inc ideal R n n d in :t i  ma

~ f l A
71 . 3 5

A

If ,3~ i: t O n ’  bon d  , : t ;’- -n i , ’th (p-’r cm of path) of - ,b: rb- r in .  th ’  ‘ - -

boon ~ h-’ ‘nfl ; uf l t  f r a d i a l - i on ob,: :a’b- -d p~ r un Jt  a’ luns- ’ i n n  F [ f ~~- i n - : ] .  V i t~~J :

103:  v - u r n s - e , - - nw , -n : , ‘ nf l  ‘ n nn , Uxn t I’ s- - h i - t i  a ~F h
~ 

d ;- :I ’ s  w i , 1  L i t n , - a I n , ’.

- -
~~~ 

:i.- n ’ r - - n l ’ r , , : . R I: t O o  f r ’n - c t i i ; C - 00n-a ’ited rt s , c c u . , n . ’ ’ .’ l . i C t i  e n n , t ’ n .  1 1 ’ 0

:1- t . “ r f : i :ne  ~~ tri O: su I t - - t a :  a 5 0 ;  iii ‘no , ’ I  - - - ‘
, w ino p i a n  i- in ,  dV .

‘Fh:-:’Is’ r’- the fr’-;cti in f th in :  ~“ - d i ’ -it l -r , n n s n ’ i k i n ~ tan d ,:n , , c n  1’ 1: .~ ] o , a  a ;
A 0

F r ’  ,~ ‘and in a,an s t i w n , ir , ’ n i t— f L , ’ur- - - ” is , ’u .t
“IT 0~

C- sm b i n in ~ th ese fac t  0rs rn :n ’uLt :  in t h e  f:- L L w i f U ’ V ’ n j Ut : f I” ini in , t j  a

:t ,r i k i n s ’ t i e  ( i , ’ t n ’Ct ‘r from a v - ium e n: semeni t A dl x

~is = 

(~~~~~

_‘

~~ 

‘ S A lSb ’ ni -n

a t h i d l n  1 at ;j ”  ‘; S ’ . , , ;j ,, ’ r ; ’ t j . C

A 2 ____3 5 —  - ‘

: 1- -

~~~~ ~~~~

- A -
= ~.t ’ ~~~A .1 R —

~~ ~ 
- —

:: [ 1
~~~ ( f - : - ) ‘,.

it, at” - : ‘ n ’- l ’  n - - u , 5 . .  at- ’ - tn : ’, ’~’ - - a f T  ‘ - a ’  t_ ‘ n ,  ‘ :‘ . 1’ a 5 ’ -  n ’ ’ ’  us’ :1  ‘ H ’ I a ‘:1 n y

‘ - i t T - f i t  i n y  t n - n : . . n - I t , ’ ~~~ ‘( n n t r ; i - f i t 1 r . .  T h e’ ‘a: ‘
~~~~ . a fI In - f  i _ i ,  I r ’ t , of

1- - - an t n ’ wIs oh C - ~
‘ t , j ’ ’ , r , , ’ n : ‘a ’  -

- - . . i nn , n t  j n , t  ‘n - t , .  i _ i n ’  t ’ ’ C i’ i _ t~ j , - - i t ’ - ‘ - — 3 - -
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for the si gna s w iuld aL:n o have to be nn,ittiptied by the transmissi:-n of is’, ;:;-

fii_ter~ 
~ 

and T~ ~~
. In the event that the emitting bands ‘ira ~p t i ct i 1  ly

thick these will be a further reducti,5n in the anign,ni i. by an ‘nm wit

due t .- neil’ ‘tbnn .-rpti- -n. Finally an additi ins] .  fact,r f ( .7)/(b .5) is

I~sC~41X~ cl s ince photons at -n .3 pm which :r ’  emitted ‘ 11’ : l~~sm’ a-nnergetic that;

2.7 pm photons by the rati:i 2.7/14.5. 2ince w’ signal. is ‘nxpr n: s s:’ d in w - , t n .,’

rat b—i ’ than ph t ; r n r / :n e c . ,  this c rrecti.:nt Cast e’ i n n neces sary.

h ,rne nn ddit i nal refinements to this caLcuLation r ,re dfincu :sed in , ‘- :cti -n

VI n o - . i .  w~ descr ibe  s ome abs-stute intensity me’n,:Urernn:iits .

20



V. At t ar t u” t ] ,  i ;  of thi.- -  .3 pm Si ;I r n a 1. by Vn :r i  us PC F i t  - - r  ( le lt ::

We h~ va- carried ~ut a m n urn n i--  r 1’ eap e ri i n n :m ;t :: a imed a- I, c mi nr’ t o ’ s - - n - i n n  1ini 1 ’ t o ’ --

t4~ 5 rn - ,nj ia - tj  -en which  t-.-e- h ave  -ln ,’:’ -t ’ i : d  C - 1  L~ at’] I ; ; ’ ii’i ’—d] ’d. l - f’ PU L i_/ 31 . pttt

radiati:ort . V a -r Out :  experirn w ’nt  a t ‘Li ’t ’ : , r , ,  ‘ - ,tn n : 1, , . Fin -n v ’ , been , u: -d ‘-in n- I i , - -a-n —

trated in f i gure ( ~ ) or ’ x’n - n o ’ - en ;n - rh  : I —1 - , 2 — 1 - , ‘ n I n d ~~1- .

Initially we used the ar’ r - t rn ’- - r nt- ’n ’ - b - t i n ] t n  i — T n  ii t- , h i n n t)  - , i n . ! in ’ f l u  n’ - -n-

at - inn 3’ - L l , ’ S e n ]  by ‘a ct-il 1’ L.a’ L - - r 53 1 h shOd; n- ’,: t o ’ - - : 3  - -. : - : f I I ’ .’ - n ’ 3’ n ’

ti bn;r:d:n vO ter, t , e x ’ t r ] n ’ - 3 -  ~n I t ; ’:  ‘1’ w ,-i s t a n , -: ( hod)  of ’ -‘IC - . - ‘ . nt’  - U I n t - 1’

:0 n m  in ;  Ci ’ur- - (;  ) wa; p c - -ni in ; fi’ . t n t . -1’ I t ’ : U 3 - - i t

With this :,rr’,i, ’:gte’t t a t e  b:: - - r v - -I a c i , ’ : ’  3 1’ . s ’ :~: l b  1 , 0 ’ : ,  5. - - n ,

t i l t:  ta .e cm l’lu~rescencn,- cc 1,1 hr-nd 1 T -rn C nfl p - U:  ( d i n t ’ ’  31- I si,t ;  ‘ n t ’

i.? cm filter’ cell r , :t n n .n ’ - n t . Ev’ ,eun t ;i ,f” t b -  f’ ,u n”-:-: n t -  r - : O , ’ en :

I - s ,n  - -f’ thir n : i~~na- L .  Insertir;,’ Ito- Ciii , - f  n. h ‘st i is a- n :  Ii LU 1 ‘Si t ,a a
(10 n t r n d  dO T~ rr Ne did in t, r i -du e  - the - L : : ’ - l ’ ’ ; , -Li ,n I g a n ,  , i _ r n  1 , - I I

that the-re may have been a an 1 i ’bt m ar- - ‘ - . i i ,  st1~r ; , - , C n t i  - cc- r 1 ’

a i i i c F ;  may be due to- s me flu -r’ -:a ’-ts’ - - -ccu,rr Isa in  t b ’  f ’f lt  - :‘ a n - L i , - L r : - ’ t -  Ia- n ’ ’

wa-s ma ; fjlt.;’r between the flu s’- ’ ,:aemnci: OE ’i 1. ‘cci F i n  Cli t i - a  n 1 1 n . h I  a~a UI

2 .7 pIt: radiation .

A l t - h  -u -h s-:v -rtt l d l f ’ f ” - i ’ - ’ rt l - c h n i : n ’ - s  -1’ pr - : ’ , ’ ar ’ ’n - a r - -  u :  l T i s ’ - ’ I  ‘ f i t -  1 1 1 1 , :

n irr ’,rs ’a r a n - - n t , W i t  -a . :  id- s t h i n ’ dat:; I hi ’  u t , , ’ -~ t 1 . t n - t n ’s h -n- -u , - - I ’ I t n p - -
- i F - I ’ ,:

a ;rnnp l_ inot . i n :  aC F:- ;tb flu . t ’n ”’ ’ -  ‘ n t , - l  : - l .  t’p ’ 1 r, ’ - u n ’l’ir ’ i t , ‘i - :

a - - s i . To ; - L i m i n n r t , - -  I i i,: c -mp l i e : n t ion a t - - -  p l o - n - - : ’ , len :  i, .~ tat : I’ll’ - ‘ n t ’ ,-, - -  1:

t~( , - f l u  r- . ‘ “ -  m e ’  c - - l i ‘ ,r , d the’ file : 1 1  ‘t :  , t ; - a t t n  i n .  ‘ n e ’ s , ’’ a’ t . n i_~~i’

f ’ f n 3 U~I” : 5.

Un ni n~ nj r ranr- :m i ’r ,t ~~_ } ;  a-r ot t O n i -  L i L t -i’ C e - i L  ‘ H -  :‘-r- - ‘ n :  h-  I n ’ - ( ‘ -  - 1, 1 ’

+ t-- . T - i ’ r Ne) and t ,h - flu r” .n ’ - ’ r , ;n’ - nt ’ il ( ‘ i l l - -I c i ~~f , I l e t ’  I ’ “ ÷~~~~‘ ,) ‘ n ’r -J ’

a n n ir-r , ’- 3 1.1 s 1;] at’ :t t ,t : :  at” , . : la - - t ” V - - d  . ( roe - ‘itt’ - 1’ t~~s I n ’I; ’ 1 Ia t , i , ’ i ’  n t , , ” —

on - n ’ . inn du’ - t i c - n m ’ , I t ‘-r i p - - c -  - - un ’ - -1’ 1 h’ Li 1’ - 5 :‘ - I l ,- . ‘ n .  ‘ It - :, nit: fIll -

‘ a , : p I ta - -h ni l i t ’ -  w a r - i  -at - - r l i i ’ -  C u t e r ’-!L .) ,‘~ “ in;, t i n ,  : l , ’ r ’ f i  no n :

by ‘ an ;  - ‘‘ i’ I j~ , ’ a r- tnt s i r , ; ’ It - Lii’ - n ’ e ’ - I  1.

-- -- .

~

- - - - ‘ - - - -  - - -~~~~~~~ -- - - -~~--~~~~~~~~~~~-- -~~~~~~~- - . -“- -  - -- - - ‘
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Addition of cC Torn’ -of Ne t .o the fluorescence cell cointa ining 7 .5 Tor i ’ c-f

CC resulted in ar~ increase of signal to 9.8 x lJ~~
’ 
watts.

Additional. measurements utilizing arrangement s-B were made . The

resulting change in:-orting or removing the fiLter cell s-:~-re the ann,rs- - ,

namely essentially no effect s-n signal.

For -a :ns’ -,-n : i c n t c e  we summarize a number of these result,:, plus to1 ones

sn~~’entdy mend -ned , in table (1). We also sh:-w’ the c n l C U ! ’ s t C L i  t f a - f l O tt t I O SI a f l

~nnr:u,ni: the filter cell which is expected for the 02.L-b- .1O band send the 001--I-l b

band . The b-na-I transmission functions were calculated as ddsu:sed in,,

secti:n (II). We sli:-w- the results for values .-f the por:nn,:e-’n’ s’ a desca’ibinn

a voict  profile of a = 0, a = 1 and a = 1.5. “ (Recall that a 0 c-oi’n’e-spennian

t -  a D:ppi~-r lineshape.) We have only inc Luded measurements where 3d;:

pre:sus’e;-’ in the fluorescence ce l l  a-nd filter cell are ~nilar or the ba-x;d

teass:r:i,:si:n iw :ctistns a-re calculated na-a suintimne identical line shape s f o r  the

-‘-;U,- ’-rbing a-nd ennittino lines.

Inspecti —a s-f this table oh, :a-: : ttoat essentially no-ne of the sionat is

a-b:: rb- -:d by to-:; CC .  f i l te r  c e ll .  The calculated t r a n s m is s i-n  .f  the fius-re s-

cent bands is s-f the -i’d”- r of -?C~ since the pressures us-ed c.n’re.p.n;d t :n :11;

a va- Lu-s of 1.5. The f-oct that the transmission; for the re,s - n t n i a c e  CC s-C-D C

ha -nd is less t b-a-n 5~ :u~to- - ,:t.’ that the -observed signa l c:rn:t’n:t be due t - tO ; ’

f n : 5  eiance band . The s- - su i t s  are m:i’:’ nearly a t ’ l f n t  Ofle a~-u]~i expe t f — s  toe

flu n’ :-s ’ -a ” L’;n:-:i 0? 3 — - .1 . Even here the tn” ni;snn ,issioii is ‘i’ t: ’i ter  than  the

va- u- - - . 101.: a -uL s be due t,,; the fas t L i i n n t  t h e  T i n :: may be fln a’s

cy N- - t O t  u-a’- - P - - n by ur -sin an’s- of 0.05 l 
Am fo r  the Ne

pt’ ‘ :00”: hr ‘ n - n - - i ,  ii:, ’ c - - -fIle i,:’r,t.

In v i -  ‘;. -f ‘ L i ’ - - :‘ :0 It .: u. i t, ’ - ,ri” n r ’ - -nn s-nt —L a-: - - 1 ’ -a 3-0 :1 t l i s t  erch-;r;,- ’-

t h e  11,1’ - n’  -:-~-3 i  ‘ nn ; l  the 3’ a i’~- .’-c -nc-’ s - t i  so ‘is t - i n ; - a1 ” - n n : - : ’ ‘ 0 - ’  ‘ t n , o n , ’. - f
‘I: :‘pd n , o h t a - i n n n b L e  w i t h  t i~ - f i i t C n ’  s - - l l .  Clii: i’ . ‘ u L : ’ .i i i ,  ‘ ii’rn ; n n ’n r n , ent  f - F

.f t ’L ‘a: ’ ( s ) .
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It; 2- P La- 2 S-t a , :-Ucn’ n n ’ i , - - I’,-. - - o n t o  -f r r - - ’..:un’nsin;c’nt-: .-nh i sh  ~~ 5 - -  505’: ;i an ;

ttnis ’n ’tni’lOuo’’ ;tiO!n .

The a’- - ,-u t t :  of Table 2 - n m -  oitn,il’-i’ t ;- th :e irs Table 1 in . t l , ’ .t tt: - b ’ ’ ;l:~
, -~~ ‘:‘-::C oh:;t to- r’odiooi -n hs-:rv-:ci is -lu- - to th~ I’ ; U - i ’ - ,- : er , ’, 1 ‘ - 3 ,: n ’ - ’ 5 .

n d ’ ;n Cu- t , - tn: r’c : ”r ,or ,a ’  b-sod.

Dl’ae c:u’ ; in t L t ’ , ; t i V -~~ a - ’n’ - -n .mn at L ’ s . ’.- ;-  - n i ’, ob:ns’v’cnn ‘ n i i S  C’ ; 0 0 0 0 ’  - ;  t r ’  n , or: i:. i , t. .

i~ n , t a n a l - c  y : - n . [ :f- - a t  c - c .  La t h~ c”e:- s- f pui’ CO. i n , 1 n t , :- ],: a-t

2 i~~s or- no un ’-: , ~h’ p:-’- - : ’u:’: i:s~~a n n  r~ ;i l it i e ’,- : jdth  . 0  u l - ,. L ;  :, t~s ’ ~b Ut ~

the D pp l : i ’ w idt h  ba-,~- ’d ~n us’ , i i . ’:U::i rn S- :a a i-n n (ii~ . TIc s- ’ 1’ f n~~ 5 ’

- :-n p- at  th n ,t  t i~ ti”~n, ’ tti i : : L - n  5.  u t S  i’ - 1;::: t d n f l  . , “ . -:a I - s u I t - -  - 2 ‘ - , ‘ t o

onl y s L- dn .ly ‘550 1- a- t. In - n t in- . vo l. ’~ - .- - t  a - . - - a u !  s- C 3’ an’ - P- . p n - t  - - a ’ i i , ’

::s a n ) - ’ . Ti;-. ‘ n ” nn . , : s n ,i . ’ :i . a ‘ -r-p ’ ’ s ’sn- t :  ~~
- , ‘ ; “ - d ’ t ’ ’ O’ ;i. ;, c : - s p n C S .

Additi nal - -:- :p- : 1st- n ’ . ‘ ‘ ,~i l L  P n ’ - ;u i:” ’ ’ l  1- 1’ t’ - :1 data- lla;d e - -
- ~u’ Ci - n 1 ’

t h i s  - L n t a -  is p :: ib- 1 . CL: ; - , ii - o em- ; i T ~’ L y c t - I  i t n : ’ -y b no - .“o::” :’y to

al low 1’ n ’ t in - - o- , r i ’ , t i , :n 53’ 1 j r ;  ‘,-, i’ d’;, - ‘- ith r at ’- t i  - na .i .,a-. - ;t -  in , a son uc’-

-n ’Jc u ’, ’o ’o L mi: of 10- - n ,c ” ,a , :nnn i :’ :i rn f ’ us, - aO i t;,: .

-~ - :-r t ’ inlIr t i n ’ ’ -j u: ~it’ ; t iv- - - a nc su :d tn  t -
- b-. ir,f’:i’r’ - - i  fo’ inn o h - . -  a -t::a: ;’is

iv-: -n h v-s :11’ .O . ’ t y , “o -o- :t t i n t  t~ ,b :na’veh - .~~ ott  :i a - i’  I is au 5, -s

f lu “- - r - - f l ,’~~ ~ - ;i ,h t’ 0Z n ’~!, r € s s . ,-I t n ; r c - -  ‘O d t ’ n t , l  - i , .  Cli :  a nC u:L no i: in,  -:i: ’. i n , -s:

a t n ’ ” ; - n , i C t i a - f l  ‘ I C , - V ’ n L U  of .~~~ io
_l0 

f t  t O - -  a” - t -  a n n : t ’ n t , t ,  f rn - - n i l

‘) wh i c h  a . ’u ’ - n  ir ; n I j ; ’ - n t , ’ t h a t  ;t  ~~ pn ’ - - : un’ - - to- - r ’;t, - .1’ L ’ s :  - 3 ’  (1- i) - ‘ 
--

no l-: a u l r - ; -’ a’ u I - i  1- -

k = ( 1 . f  5 :  10
10
) t = .5? s:

= 
~~.5 s-s 1±

do; I ‘t ’ - : t - - a’ t !i - i ; I n n - ’  r ” n - i l ’ t t ’,” n” - l - :  ;f ”20 :ec~~ L - y ’ i ’ n n  i f ’  : ; i t.

- ‘~~ - ‘,i n , :  - a -  , e~’ 0 - - i  In t O -  C .  I s- i n ; ,  , ‘ - e ’,i  ‘ s” ‘ lag os

t O- i . ” - r ’ -,- - - - i . i en , ’ L,; :o ‘- - 5  0 : , - ’ ~ 1- ,- s n ; - ’ t , L :  ‘ [ ‘ S i : -  u i : , - n ’ v ’ - n , i r , ’ n l i-

ti 1 -s- n h ’ -a - ,
~~ 

a ’ - 4 2 -a k = l.~ a ~~~~~~
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~~~~~~~~~~~ - -‘ -- .~~~~ — _ _
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Our res’jlts ‘at the pre;;ent tim-n seem t,: indicate that the observed

,d~ria1 1.; due to fluorescence and that the rate constant for rericti5i; I n:;u,:t
-i _ C‘a- cu-a d Ore:;ter than 1.3 a 10 by several .  -rh ers of maCnit. ’uuc .

C n n ,t h-: r p o ssi b i l i t y  which we sh ould consider  is that  the rotC- - o~~n. ’ ta t t

f a’ r ’- ’ict  dos 2 ( a )  is actua lly 1.5 x ~~~~~ With such a rapid rot- .- ,
m iont ‘.:xpc-ct rapid equilibration of the V

5 
vibratiun betweer, all, leve l..: f

3’? ;-:hich -are thermally populated and between a - LI .  i,a -to-pie aol -  o n u s - s .  Dis.-

t o  t O- . - ft -oct  that  many lines af the 001-000 band are opticaL. y t h i c k  ua,-,i - r

the c o n d it l s r .: c-f this experiment, it is possible that the observed ,signa i

has a lsnr et-o- contribution frum weak bands which are either h o t  band s on ’ ion - t s p -

band : .  In ;rdor t -:; exp]. -; - rnn this possibility we presernt in ta.b- iet ~ , the

r-:- - . - ut’ ~o 3’ a calculation which inc ludes the more imp;-r tarnt  i s o t o pe  band .- - -c,:

h o c  b and :.

It; a t kin s  t O- ’- calculati:r, :0 st-an it. table (~~) ,  a-; - - - inav on a, :cum - - d thn s t oh.-

-:-~ cj ’ a t i t . ito the  0 .-i - ICC and 1-2 1. -COO hiand : a-t  2.77 and 2 . O )  ~m is e,n nn o r ;t ia i ty

- no ’, c nj ~~u,:n~ut the t .)  c m ,  flu .-a ’-.- :o- --nce cell . In th i s  case- a reasonable

o’sp:’ : 5 m m ’ . ’ 1 is to the-  - - n n t i , ; , : i : n  fr-sm this cell a-sill b-s ;:iven by the wid th

~‘ .j a - on ’i - n: f.-a’ the bands ‘at !~.3 ~:m.

TOo I~ viluos f r  the band: l i s ted  in table 3 sir’; a:~ L C U L s i t ’ . - C  a. ’ :un.i ,, ’ ’ t

F o L t , :nni’ - n n  ‘ ii : t a- i Pu t i  r , :-f ‘ I i  ::f idi- ’ m ad, ,; ir,’,’ s L v n J nd, u : i tw ’ n ; :s’:n:’ J, I, pic a

‘ n b - j t nj ’ - t ’ s ’- , .  ‘CO o’ .t- i~~r i ; l  ;t’ , - rve d w i l l  b.- pa’ :;p :r s .i  ,rt ’ n l. t .  ch -  :- - ou s t  ~
- C

in t O - -  f l u - n~’ - . c-~r a- 0 ’ !  L ‘r ,ns  n ,hn n r - ,a , ,c; i : sj  -n o of 10’ ; ’ I- - n-i

‘The t.n” n ; . - t n n i d o  r , s . ! , s u , . ’ n t n .- - i t ’ n ’ n I  i - n o :  I
I- Tilt -  r

is’ , ‘‘u:I 0 0- - n - t i  I t O -  5 l ’ t n - ’ n l  ‘el ton t O - - f l ’ s’ in , 1. ’ , - ,:- 
~~~~

- ‘ t-  v _ u -

t O f i  I t -  n m ’ - - m ..’~ - -- n ec ] I, : g b - no L y

= 
~~ 

;‘: (:m ~~~~ - - ‘ n . ’ 1 , ,

(i ;~~- -F . u  n’

n’ ‘ -he ‘ 1’ k I.: ‘,‘ - ‘i l l  ‘Ct - : ‘ i a ’ - :  i t s  c i i - -  i - i - n . Ii, ‘01: ;a’as e ton-  m l ,-

‘u i ’ - ’ - ‘ “~~O- S - i . :  I i n  2 .05 1: -till wail [ c  , ‘ , d,- l _ - i’ ,’ - - i v ’ 1’.4 C

I P n ’ _ X t r  I I~- ‘
~~
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These calculations are not quantitatively exact. The width function for

the 021-000 band in the fluorescence cell is W
b (NC) = 18.5 whereas the value

of N~ is 22.75 which indicates that the excitation is not strictly uniform

along the length of the 1.8 cm cell . The variation Is not drastic , however

and the results presented in table 3 should remain qualitatively unchanged.

That is, even considering many weak bands does not explain the high observed

transmission . It seems as though the only reasonable explanation for this

high transmission is that the observed signal is predominately due ta the

fluorescent bands 021-020 and 101-100.
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VI. Determination -of Approximate Quenching Rates From Absolute Intensity

Measurements

Measurements of the absolute radiance at 14.3 ~m produced by irradiating

20.- at 2.7 jsm were itade using the arrangement shown in figure (3) arrangement
i-A . With this arrangement the signals are larger than wi th the other

arrangements and the geometry lends itself to- simpler calculations . We use

the following expre ssion f or the observed signa l

Signal (watts) ~ ~~~A 
~~ ~~ )~~ 

S
b ~~i 

W~?~~ T~ 5
R

The blackbody temperature was 11148.14 
0
K. The resulting blackbody radiances

are :

= 0.797 w/cm
2 

- Mm-Sr

~ J2.7oMm

W
= 0 .cc9  W / C~~ -Mm-Sr.

‘‘
~ C . t -  ~m

The transmission —of the filter at 2.7b ~m is 73% and at 2.b8 ~.tm is 18% .

This filter is shown in fig. C . If S
b (X) 

represents the band strength per

cm - - V  path under the condition s .of the experiment , then tota l rate of

excitat ion per cm of path in the fluore scence cell Is

Total watt s absorbed = [ ( . 7 9 7) ( . 7 5) S b
(C.71s) + ( .809) ( . 18)s b ( 2 .b9)]  ~~ A

is the c-- l id angle which the front face of the fluorescence cell

makes with a point at the source and A is the area of the source.

Figure 14 shows the geometry used in this calculation. A5 is taken as

the area of the blackb od y cavity opening which is 5.2 14 cm’ . 
~~~~~ 

is taken as

the area of the 2 .7  Mm filter divided by the square of the distance to the

b l.ackbody opening which is 5.8 cm . This g ives an effective solid angle of

.I’l’ Sr .  For points near the ed ge of the bl,ackbody, the 2 .7  ~un filter subtends

a smaller so l id ang le , th erefore , we choose 0.2 Sr as an approximate va lue
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. The signal in t-iotts has a fact r ~~~ since for it ~‘jV(  I, m U S t ’ ) ’ C
S -‘.0

ph - tor t s , the number -if ’ w - ,tt o is smaller at o ,5 th or n  ~n t  2 .7 by thir  t”~t l  .. :-~~

is seen fr om figure ~~ t - be 1.9 cm and ~ is 5 .7 cm. The CL t - -C) t flit .’ - C .

area o-f 0.05l~i em . T, is the t r rn r i : mi o o i mn ~f the 2 .3 ~im f f l L - -r  ~~~~ it lit

fr~-nt of the detector. This has a t r n T t n o r r n i n n s L n  f  7O~ i tr n ’t is n f l  -i - it in f i, ’ ( 2 ) .

If the band strengths are e;.:pressed In w m n v ~- nunt orn: , th - it is e -av~~a i- nf

~~ multiply the blackbody radi-innc -s by 7.5 10 t ,- c n. o- - i”. fr ,m -.s~~ttn : !norn ’~~’:’~ 2n
I - i  -to-  w at t s / c m  — S r - c m

The t o t a l  signal E - -zp ocmte d I ;:

( . 797 ) ( .7~)sb (2 :’e) 1 + ‘~‘~nT* k~~~ 
: s 1~ .717

x 7.5 io ’( .~ )( 5 .214 ) ( .3 3i~) ( . 7)  ~~~~~-
~~

(i-n’: ) ( i )

= [i .~~1 4 J (~~.o~ x l0~~~)~~~( - .7~- ) . 

~~ ~ .
Thu . reoult is &-xpresn-ed in terms c- f’ th~- ‘cb , - - ‘pt l  - it -eCur r i r~t ’ f r the ?.7t ~irn

band t i m~ n a fact-or 1.52 to- ace -w~i- 1’ r it - fact t h a t  ~~t 2 ’- j ’  h, c n - n i t  1~-a. f
our -“:‘:p~-rirnent the tO 1—000 b i t r n d  1: c i t t m ’ ~t U i tit n ’ b ut .5- . t irn ’- it the 2 r t n ’ it u t i  In

of the 021—000 band to- the t - t  ol - -scifa t i - it. r i tt - . ~i~’ i’ C. ;  L~i ’ - m ’ a r n - a . w’- r i tt

w h - - r- ’ t h ’-  t ta l pre.nsUre f C - ~ 7 m m  ~ o with 11 - i t l i ’- i t

Th’o I- on- i ;t ryr ,oth  under th”- s :- it n~ii1 I- i t. - in ’

— 
-. ‘ . - ‘ ( c m ~~ 

‘A~~ -- ’’- ’ 
~~~~~~~ >~ ~ r— 

- ‘ it 
~~~~ 

T;,m. , I - -

= 0.  ~1 
‘ em ‘0’

3 -3



The f nct r x. /( -x )~~ = 0. I -2. -rnb i airng thei te  f ac t  irs gives:

-8 w(rb)
Sis’mtal = 5.59 a 10 R

I /

In this expression ~ is the rat io f’ 14.5 p.m ph-otons emitted to the quenchi rifi

of level: emitting at 2 .3 pm. The r at i o  (w/r-~ ) is included to acc ount f r

the fact  if the ~.,5 on emission is occurring ~ n ’n optically th ick b axt du , then

the radiation escaping will be reduced by this fact-or due to self absorption .

If we assume that the emitted radiation -occurs in the bands 021-020 and

101-100, the ~~ values for these bands are 16.94 and lO.t- b with corresponding

values of w(rb )/ ~~ of .86 and .91 respectively f r  Doppler line shape and

. 9L- i  and .96 f-or Voigt profiles with a = 1. Since the Lorentz Pressure br aadumi ’;d

width is a lmost as large as the Doppler width, the a = 1 value is a better

choice. We therefore, take w (i~ )/r ~ to be .91+ . This g ives a calculated

signa l of :

Signal = 3.37 x 10 watts.

The observed signal has a value of 2 x l0~~~mv -
~
- 2.14 x ~~ mv/watt = 9.34 x L0~~~

watts. This implies that R has a value of 2.77 x 10 ~~~.

R can be expressed as R = 
A Q

where A = 420 sec
1 

is the 4.5 Mm Einstein emission rate and Q is the

quenching rate . At 7 Torr Q has a value

Q = (s.26 x lo
l6
)(7)(k)

where k is the quenching rate constant.

From the above value of’ B , the quenching rate constant is

- 13 .5 -1
k = 6 . 6 x 1 0  cm sec

While these calculations are not highly accurate quantitatively, they do

indicate that if’ the observed radiation is truly f luore scence then the quenching
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f these  levels I.: it t ,e ;uri~l r t r  l’ie ’ nrty an: rapidly i t n -  S old be ~ - ‘~~- - . t t -d ~ i th

a va~ u .- of 1.5 a 10
10 

f r’ e ’ i n ; t  i a; ( n t )

If , f r  c-ornpari s~~n , wi .- ’ : - -sumo that ,  thn  rati  i - t i  n t ,  -‘ . S p.m ~n

in the r e-on r.~onc ’: bar ,d 0O L_ 1’ - 26- , th e- it tobo - Va Lu- - f 1’k~ f r  t h ~ - . . 5  I - a t ;

8.9i x 110° and the Q orre :p -r. I i i m n n ~ i’itt I w(~~~) h~~~ in ’- ,
~ .105. W i t h  : i . - vs

:-f w( r ~~)/ ~~ , the r e su l t i ng  vul u - - f R i n ;

R ~~2.~ P x l O

With this  value of 5 , and the s~-ime rate c-in stant  cxpr cn ;s i  O t t  C i t  gl V tO fl dO Vi ,

the quenching rate c n r i . tar it be e-om it-: ; :

k~~ 7.214 x 10~~

The,oe estimates -o f k cann ot, be considered to be accurate because t i t o

geometry is such that -Jur simple calculation is n e t,  adequate. Furthermore,

the calculation:: ;n;surna- that the rate if absor ption in the 2.’! p.m bands is

un i f- -rrn alon g the 1.8 p.m length - f ’ the flu- osoiteenci-- cell. Cur nno id er  the 0.’(r p.m

band for w h ic h  the 1~ va lue at 1.8 cm path arid 7 Torr i n :  (9. F or  L 1 i  it v a l ue

~f l’~~, the bandwidth func t ion  w~r~~) ban; a value el (5 which  w ou l e  decr ’ i -:n n :n ’
the calculated ::im ”rt~t 1 by about 2 1%.

Thus in the cano + the ;issumpt I -n -f’ purely f luorescent  b ar tO n ;  the vs u -

f’ k dOt dr ii’d . ;mn. -u 10 be ri-lu (s-O tb- ,uL P t% t y ie ld

k~~ 5.? x

In tjo i n case f’ f i f i -  it . :sumpf . U -JO - -f pUr’ I - ly r n ;  - m ince band s , l i t  - v a l u  - I ’ k

:;h -  u l d l i t -  reduced - V -r i  m - r - - s ine - due I - th l n t r t ~~’ - p L i t ’ ’  - h - i O u - ‘1’ t ic

r -n: - ri nir,r’e- i - i t r j r i  - n y  r r i d i r t t j - - mn r - r i v i n a r .  t r io very e l i t ’ s -  t~ - t i c -  ‘ x i  I w i n i l  - - w  can

escape

In t h j ;  cn t ; i t  j t  is re ;itl y m t c ‘try t, - - C r t n ; i r l -r  l i t -  x r i t , n t l , i  rn ‘cur l ing,
i t t  it givit it p - iri l a I rn ~r ¶ fl - f” t u r i t e’ i t ’ ’ c I I ‘ t ed  cit Icu I ‘ i t . I n tic’ fr mi c t I - rn -I ’

o .5  u r n  r t t ’Ii n t t I n ‘mi , -I fr- en t h ~~~I , p nJ which cmiii r n - i t ch  the  e x i t .  w i n d O w 1’
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